A prospective study comparing the efficacy of wire-conducted intravascular ECG (IVECG) signal and signal from the port with a sodium bicarbonate (NaHCO 3 ) flushed catheter to correctly place a catheter tip was carried out in 100 patients. The correct position of the catheter tip was confirmed as follows: with technique G, the IVECG signal was conducted from a guide wire to identify the tip position. With technique P, the IVECG signal was conducted from the port with a NaHCO 3 (0.8 mmol/ml) flushed catheter to ascertain the tip position. Each patient received both technique G and technique P in a randomized sequence. The quality of IV-ECG signals, which included baseline drift, P wave pattern and QRS wave pattern, were assessed for ten seconds. Satisfactory quality of these IVECG signals was observed in all of the patients with technique P and 90 of the 100 patients with technique G, and this difference was significant (P=0.001). There was no obvious difference between the techniques in catheter tip placement time or the measured optimal catheter length. The incidence of atrial premature contractions was higher with technique G than with technique P (13% vs 2%; P=0.003). Therefore, technique P is a practical alternative for correctly placing the catheter tip of a Port-A-Cath.
Long-term central venous access device is required in cancer patients to facilitate chemotherapy. An incorrectly positioned catheter tip may cause vessel wall injury, vascular erosion, increase the occurrence of thromboembolism, and lead to malfunction of the device [1] [2] [3] [4] . Catheter position can be verified by a number of methods, among which right atrial electrocardiographic technique is a satisfactory alternative to the current method of chest radiography and fluoroscopy. The intravascular electrocardiograph (IVECG) signal conducted from a guidewire can be utilized to correctly position the central venous catheter tip to the junction of the superior vena cava (SVC) and right atrium (RA) [5] [6] [7] [8] . However, there is an alternative technique where the port, with a sodium bicarbonate (NaHCO 3 ) flushed catheter, is used to transmit the IVECG signal to identify the correct catheter position 9, 10 . Although a previous study found that the techniques using the IVECG signal from the port with a NaHCO 3 flushed catheter and the signal conducted from a guidewire provided similar results in positioning the catheter tip of the venous Port-A-Cath system 11 (Delrin HDC Corp., U.S.A.). there was no recognized comparison of the adequacy of positioning of the device between these two techniques. The purpose of this study was to evaluate the accuracy of positioning of device from the port with a NaHCO 3 flushed catheter and the IVECG signal transmitted from a guidewire to position the catheter tip.
MATERIALS AND METHODS
From January 1998 to October 2000, one hundred adult patients who suffered from malignant diseases and were scheduled for the placement of longterm central venous access (venous Port-A-Cath) for chemotherapy were studied. This prospective study was approved by the ethics committee of Kaohsiung Medical University and written informed consent was obtained from all patients prior to enrolment. Patients with atrial fibrillation or organic heart diseases were excluded from this study.
All catheters were inserted in the operation room with patients under total intravenous anaesthesia and localized infiltration anaesthesia. The right or left subclavian vein was cannulated via the infraclavicular route. After venous access was achieved, a Port-A-Cath that had been cut to 40 cm was tunneled into the vessel approximately 10 cm from the puncture site. The catheter tip was located in or near (1 to 2 cm) the junction of the SVC and RA, which was considered the correct position. This study was designed so that each patient underwent the techniques of correct catheter tip position determination using guidewire-conducted IVECG signals (technique G) as well as by IVECG signals from the port with a NaHCO 3 flushed catheter (technique P). Each patient was randomly assigned to one of the study groups by a random sequence. Half of the patients (an odd record number) were assigned to receive technique G followed by technique P and the other half (an even record number) received technique P followed by technique G. The catheters were pulled out to their proper length, flushed with normal saline after completing the previous technique and then the other technique was performed.
The procedures of using guidewire-conducted IVECG signals (technique G) to confirm the correct position of the catheter tip was standardized as follows. Patients were evaluated in the supine position.
While approximately 10 cm of the catheter, flushed with normal saline, was inserted from the puncture site, a previously measured length of J guidewire was introduced into the catheter so that the soft tip was totally exposed to serve as a tip electrode ( Figure  1A) .
A switching box (Certodyn ® , B Braun, Melsungen AG) was connected to the guidewire, the extremity electrodes, and the ECG monitor, so that it changed a normal two-limb-lead ECG to an IV-ECG. As the catheter tip was advanced toward the sinoatrial node, the P wave increased in amplitude up to the point where the largest P wave, or the wave as large or larger than the R wave of QRS complex (P-atriale) was obtained ( Figure 2 ). A biphasic P wave was observed as the tip passed the sinoatrial node. Once the biphasic P wave was observed, the catheter was withdrawn until the largest P wave or P-atriale was obtained once again. In this situation, the length of catheter inserted and the IVECG signals were recorded. The monitors (Hewlett Packard, Model 66S) were set in a filter mode with a bandwidth of 0.5 to 25 Hz. The quality of IVECG signals was assessed for ten seconds. The total scores were rated and categorized into four grades of excellent, good, fair and poor ( Table 1 ). The total scores located in the grades of excellent or good were considered satisfactory.
The procedures which used IVECG signals from the port with a NaHCO 3 flushed catheter (technique P) to confirm the correct position of the catheter tip were standardized. Patients were evaluated in the supine position. While approximately 10 cm of the catheter was inserted from the puncture site, the catheter was filled with normal saline. After connecting the port to the catheter, the venous system was flushed with 0.8 mmol/ml NaHCO 3 and a sterile electrode lead was attached directly to the non-coring needle which was inserted into the septum port as well as connected to the Certofix switch box ( Figure  1B) . The IVECG signals from technique P patients shown on the monitor were read and recorded using the same method as for technique G patients. Side-effects and complications that occurred during the procedure used to place the catheter tip were recorded.
A sample size of 100 in each group was determined to have 95% power to detect a difference in means of 0.4 assuming that the common standard deviation is 1.5 using a paired t test with a 0.05 two-sided significance level. Statistical analysis was performed with paired Student's t test and Chi-square tests. Probability values of less than 0.05 were considered statistically significant.
RESULTS
The characteristics of these patients included age (55.5±14.3 y), weight (59.1±10.5 kg), gender (38 female/62 male), and type of original malignancy (81% solid, 19% haematologic tumors). There were 16 patients in whom the catheter was cannulated from the left subclavian vein because of right side tumor invasion, while the others were cannulated from the right subclavian vein. The procedures of placing the catheter tip at the correct position were uneventful.
In assessing the conduction quality of intravenous ECG signals, the technique P group obtained significantly higher scores on each item including baseline drift, P wave pattern, QRS wave pattern, and total scores than the technique G group (P<0.05)( Table  2 ). In technique P patients, signal quality scores were excellent in 79 and good in 21. In technique G patients, signals were excellent in 47, good in 43, and fair in 10. Satisfactory quality of IVECG signals was observed in all of the patients with technique P and 90 of the 100 patients with technique G, and this difference was significant (P=0.001).
There was no significant difference in catheter tip placement time and the measured optimal catheter length between these techniques. As shown in Table  3 , the incidence of atrial premature contractions during manipulation was higher in the technique G group than in the technique P group (13% vs 2%; P=0.003). However, these induced arrhythmias were transient and no anti-arrhythmic administration was required. The management to eliminate arrhythmia included retracting the catheter and keeping close observation only. Total scores were counted by sum up the numbers of each item. The total scores were rated and categorized into excellent (8-9), good (6-7), fair (4-5) and poor (<3) of four groups.
DISCUSSION
Effective transmission of the IVECG signal from the guidewire was not always obtained in this study. The major causes of unsatisfactory IVECG signal quality from a guidewire include interference, poor electrode contact, or increased electrical resistance 12, 13 . Though some signals from the guidewire were disturbed in technique G patients, nonetheless, most of the IVECG signals from these two techniques obtained satisfactory quality of signal transmission.
Cardiac arrhythmia is the major reported complication during insertion or exchange of a central venous catheter. Over-insertion of the guidewire during central venous catheter procedures caused arrhythmia occurring above 40% atrial ectopy and 25% ventricular ectopy 14, 15 . Furthermore, inappropriate location of the catheter tip induced complications ranging from persistent severe cardiac arrhythmia to cardiac arrest 16, 17 . Nonetheless, using right atrial electrocardiography to place the catheter tip resulted in a lower incidence of atrial and ventricular arrhythmia compared with conventional techniques 5, 18 . Lee et al 19 found that use of a marked J-wire not beyond 20 cm in performing internal jugular vein catheterizations resulted in a significantly lower incidence of arrhythmia than when a plain unmarked J-wire was used and inserted at will. This study had similar findings to those of Lee et al and both techniques induced a low incidence of atrial or ventricular arrhythmia. Technique P resulted in a significantly lower incidence of arrhythmia than technique G. The increased incidence of arrhythmia in group G patients may have been caused by the soft tipped J-wire protruding out of the catheter tip during manipulation, which increased the risk of contact with the endocardial wall and consequent induction of ectopic rhythms.
Catheter migration after chest wall central venous access placement is common. Though the catheter tip is placed in the correct position, tip migration to an improper site may be the major cause of thrombosis formation in the SVC or atrium. Migration of the tip may occur due to patient body movement during changes from supine to upright position and the occurrence of catheter migration to peripheral site (>90%) is greater than to central site (<5%) 20 . As the catheter migration occurs and it retracts from the SVC-atrium junction to the upper portion of the SVC, a significant increase in venous access malfunction may be observed 21 .
The change of catheter position on the follow-up chest radiographs is usually from mid right atrium initially to low SVC. Catheter tip migration was greater for catheters in the subclavian veins, in females, and in obese patients except for those cases in which the right internal jugular vein was used as an access route 22, 23 . Hence, when using the subclavian vein access route, the catheter tip should be initially positioned where an intra-atrial P wave is observed, its position should be just at or slightly inside the level of the junction of vena cava and right atrium while patients were in the supine position to receive the chest port implantation.
In summary, the traditional technique of using guidewire conducted IVECG signals to confirm the catheter tip location obtained satisfactory quality signals in the majority of patients. However, using the port with a NaHCO 3 flushed catheter to conduct the IVECG signal resulted in satisfactory quality signals in all patients and only occasionally induced ectopic rhythms. Though transient atrial premature contraction may occur during manipulation, this condition proved benign and no aberrant cardiac electrical conduction occurred when the extra stimuli were removed. We conclude that technique P is a practical alternative for correctly placing the catheter tip of long-term central venous devices.
